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1 Purpose

The purpose of this environmental calculation brief is to describe the key assumptions and quantity inputs
that support development of remedial action alternative cost estimates for DOE/RL-2010-96, Remedial
Investigution/Feasibility Study for the 100-BC-1, 100-BC-2, and 100-BC-5 Operable Units.

The feasibility study (FS) cost estimate quantity inputs are derived from site features, physical
parameters, and characteristics of the 100-BC-1 and 100-BC-2 source Operable Units (OUs) and the
100-BC-5 groundwater OU, and the remedial action alternative descriptions presented in Chapter 9 of the
RI/FS Report. The FS cost estimates are prepared to an expected accuracy of -30 to +50 percent
(-30/+50%) and are used as part of the detailed and comparative analysis of remedial alternatives
performed as described in the National Contingency Plan 40 CFR 300.430 (e). This analysis is used to
support identification of a preferred alternative in a proposed plan.

2 Background

This environmental calculation brief supports development of remedial action alternative cost estimates
for the identified 100-BC source (OU1 and OU2) waste sites and the 100-BC-5 groundwater OU
contaminant plumes (remedial action target areas). A range of alternatives was developed in the FS for
each target area based on the nature of threat posed by each waste site. The potential threats/exposure
pathways include human health direct contact risk in the top 4.6 m (15 ft) of soil, groundwater and/or
surface water quality protection, and exceedance of a contaminant of concern (COC) groundwater or
surface water quality applicable, relevant, or appropriate requirement (ARAR).

2.1 Remedial Action Target Areas Carried Forward into the Feasibility Study

Table 1 lists the 7 waste sites that were carried forward to the FS (100-B-34, 116-C-1, 118-B-1, 118-B-
8:4, 116-B-5, 116-B-6A, and 116-B-16) , the basis for remedial action, the COCs associated with each
waste site, and the year the radionuclide concentration(s) will decay to a cumulative excess lifetime
cancer risk (ELCR) of less than 1.0 x 10, These waste sites were carried forward into the FS based on
the presence of shallow (e.g., less than 4.6 m [ 15 ft] below ground surface [bgs]) direct contact risk and/or
deep (e.g., greater than 4.6 m [15 ft] bgs) direct contact risk exceeding the upper bound of the CERCLA 1
x 10 to 1 x 10 risk range, and/or potential to impact groundwater quality above a soil screening level
(SSL) or preliminary remediation goal (PRG) based concentration.

Table 2 lists the waste sites that were carried forward to the FS based on direct contact risk for deep
radionuclide contamination only that will be addressed through a deep excavation restriction institutional
control (IC) (100-B-5, 100-B-14:1, 100-B-8:1, 100-C-6:1, 100-B-8:2, 100-C-6:2, 100-C-6:3, 100-C-6:4,
100-B-21:4, 116 B 1, 116-B-11, 116-B-14, 116-B-2, 116-B-3, 116-B-4, 116-C-2A, 116-C-2B, 116-C-2C,
116-C-3,116 C 5, 118-B-6, 118-C-1, and 118-C-3:2). Table 3 lists the key characteristics of each
groundwater COC plume and, based on the conceptual site model (CSM), the characteristics of residual
hexavalent chromium (Cr(VI)) and strontium-90 (Sr-90) groundwater sources present in the periodically
rewetted zone (PRZ).
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An IC prohibiting irrigation at waste sites with exceedances of groundwater protection SSLs
(116-C-1) and SSLs and PRGs (118-B-1).

MNA with ICs for the Cr(VI) and Sr-90 groundwater plumes and natural attenuation for the
Cr(VI) and Sr-90 PRZ sources until groundwater PRGs are met.

MNA with ICs for tritium in groundwater in the area downgradient from waste site 118-B-1 until
year 2049.

Installation of 10 new monitoring wells: 6 shallow wells in year 1 and four deep wells in year 6.

Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy is
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and ICs can be removed.

Alternative 3: Natural Attenuation with ICs and RTD for Waste Sites; and Pump and Treat
(P&T) with MNA and ICs for Groundwater. Alternative 3 is the same as Alternative 2 for the
waste sites but uses P&T for remediation of Cr(VI) contaminated groundwater. The primary
components of this alternative include the following:

Natural attenuation combined with ICs to minimize the potential for shallow soil direct contact
exposure at waste sites 100-B-34 (eastern segments), 118-B-1, 118-B-8:4, 116-B-5, and 116-B-
6A/116-B-16.

RTD to address shallow soil direct contact exposure and groundwater/surface water protection
SSL/PRG exceedance at waste site 100-B-34 (western segment).

An IC prohibiting excavation to minimize the potential for deep soil radionuclide direct contact
exposure at waste sites 100-B-34 (eastern segments), 116-C-1, 118-B-1, 118-B-8:4, and 116-B-
6A/116-B-16.

Natural attenuation, combined with deep excavation 1Cs, to minimize the potential for deep soil
direct contact exposure at the 23 deep waste sites listed in Table 2.

An IC prohibiting irrigation at waste sites with exceedances of groundwater protection SSLs
(116-C-1) and SSLs and PRGs (118-B-1).

MNA with ICs for tritium in the area groundwater downgradient from waste site 118-B-1 until
year 2049.

P&T for Cr(V]) for 40 years with co-extraction of Sr-90 to control plume migration to the river
and to remediate the Cr(VI) plume through extraction, treatment, and reinjection.

Installation of 10 new monitoring wells: 6 shallow wells in year 1 and four deep wells in year 6.

MNA with ICs for the balance of the Sr-90 groundwater plume remaining after 40 years of P&T,
and natural attenuation for the Cr(VI1) and Sr-90 PRZ sources until groundwater PRGs are met.

Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy is
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and ICs can be removed.
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Under Alternative 3, P&T for Cr(VI) with co-extraction of Sr-90 is used to clean up the Cr(VI)
remedial action target area. Extracted groundwater is pumped from four shallow and two deep
extraction wells to a 100-BC transfer station and then pumped through an aboveground pipeline to the
existing 100-KW building. It is assumed the 100-KW treatment system will complete its mission by
2019. The existing KW treatment system would be re-purposed by refurbishing existing components,
such as tanks and instrumentation and control hardware, and installing new, larger capacity ion-
exchange systems to remove Cr(VI). The ion exchange systems would use ResinTech SIR-700 resin
to remove Cr(VI). The treated groundwater would be returned to 100-BC at a 1,500 L/min (400 gpm)
flow rate via an aboveground pipeline and then reinjected into the aquifer using four injection wells to
enhance flow-path control, aquifer flushing, and hydraulic containment.

Alternative 4: Natural Attenuation with ICs and Aggressive RTD for Waste Sites; and P&T
with MNA and ICs for Groundwater. This alternative includes a combination of RTD, MNA, and
ICs for the waste sites. The remedial action components for groundwater are the same as described
for Alternative 3. The primary components of Alternative 4 include the following:

— Natural attenuation combined with ICs to minimize the potential for shallow soil direct contact
exposure at waste sites 118-B-1 and 116-B-5.

— RTD to address shallow soil direct contact exposure at waste sites 100-B-34 (all pipeline
segments), 118-B-8:4, and 116-B-6A/116-B-16. RTD at 100-B-34 (western segment) also
addresses the groundwater/surface water protection SSL and PRG exceedance.

— Deep RTD to the total depth of contamination at waste sites 118-B-1 and 116-C-1. Deep
excavation at 118-B-1 addresses the groundwater protection SSL and PRG exceedance for
tritium. At 116-C-1, deep excavation addresses the groundwater protection SSL exceedance for
Sr-90 while also addressing a potential Sr-90 PRZ source to groundwater.

— An IC prohibiting excavation to minimize the potential for deep soil radionuclide direct contact
exposure at waste sites 100-B-34 (eastern segments), 118-B-8:4 and 116-B-6A/116-B-16.

— Natural attenuation, combined with deep excavation ICs, to minimize the potential for deep soil
direct contact exposure at the 23 deep waste sites listed in Table 2.

—  MNA with ICs for tritium in groundwater in the area downgradient from waste site 118-B-1 until
10 years after the 118-B-1 deep RTD is completed.

—  P&T for the Cr(VI) groundwater plume for 40 years with MNA with ICs for the balance of the
Sr-90 groundwater plume following P&T cessation, and natural attenuation for the Cr(VI) and
Sr-90 PRZ sources, until groundwater PRGs are met.

— Installation of 10 new monitoring wells: 6 shallow wells in year 1 and four deep wells in year 6.

— Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy is
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and ICs can be removed.

Under Alternative 4, P&T for Cr(VI) with co-extraction of Sr-90 is used to clean up the Cr(VI)
remedial action target area. Extracted groundwater is pumped from four shallow and two deep
extraction wells to a 100-BC transfer station and then pumped through an aboveground pipeline to the
existing 100-KW building. 1t is assumed the 100-KW treatiment system will complete its mission by
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2019. The existing KW treatment system would be re-purposed by refurbishing existing components,
such as tanks and instrumentation and control hardware, and installing new, larger capacity ion-
exchange systems to remove Cr(VI). The ion exchange systems would use ResinTech SIR-700 resin
to remove Cr(VI). The treated groundwater would be returned to 100-BC at a 1,500 L/min (400 gpm)
flow rate via an aboveground pipeline and then reinjected into the aquifer using four injection wells to
enhance flow-path control, aquifer flushing, and hydraulic containment.

Alternative 5: Natural Attenuation with 1Cs and RTD for Waste Sites; and Cr(VI) Source
Treatment with P& T, and MNA with ICs for Groundwater. This alternative includes the same
waste site components as Alternatives 2 and 3. To address groundwater COCs, Alternative 5 includes
15 years of P&T for Cr(VI1) with co-extraction of Sr-90 and targeted in situ treatment to address the
Cr(VI) PRZ source, thus shortening the P&T timeframe. The primary components of this alternative
include the following:

— Natural attenuation, combined with ICs, to minimize the potential for shallow soil direct contact
exposure at waste sites 100-B-34 (eastern pipeline segments), 118-B-1, 118-B-8:4, 116-B-5, and
116-B-6A/116-B-16.

— RTD to address shallow soil direct contact exposure and groundwater/surface water protection
SSL/PRG exceedance at waste site 100-B-34 (western pipeline segment).

— An IC prohibiting excavation to minimize the potential for deep soil radionuclide direct contact
exposure at waste sites 100-B-34 (eastern segments), 116-C-1, 118-B-1, 118-B-8:4, and 116-B-
6A/116-B-16.

— Natural attenuation, combined with deep excavation ICs, to minimize the potential for deep soil
direct contact exposure at the 23 deep waste sites listed in Table 2.

— An IC prohibiting irrigation at waste sites with exceedances of groundwater protection SSLs
(116-C-1) and SSLs and PRGs (118-B-1).

—  MNA with ICs for tritium in groundwater in the area downgradient from waste site 118-B-1 until
year 2049.

—  P&T for Cr(V1) for 15 years with co-extraction of Sr-90 to control plume migration to the river
and to remediate the Cr(VI) plume through extraction, treatinent, and reinjection. The extraction
well layout is similar to Alternatives 3 and 4, except there are five shallow wells and two deep
wells pumping at slightly lower rates.

— Insitu treatment of the Cr(VI1) PRZ source [Cr(V1) Area 2 in Table 3] during first year of
P&T operations.

—  MNA with ICs for the balance of the Sr-90 groundwater plume remaining after 15 years of P&T,
and natural attenuation for the Sr-90 PRZ source [Areas | and 2 in Table 3] until groundwater
PRGs are met.

— Installation of 10 new monitoring wells: 6 shallow wells in year 1 and four deep wells in year 6.

— Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy is
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and 1Cs can be removed.
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Under Alternative 5, P&T for Cr(VI]) with co-extraction of Sr-90 is used to clean up the Cr(VI)
remedial action target area. Ext  ted groundwater is pumped from five shallow and two deep
extraction wells to a 100-BC transfer station and then pumped through an aboveground pipeline to the
existing 100-KW building. It is assumed the 100-KW treatment system will complete its mission by
2019. The existing KW treatment system would be re-purposed by refurbishing existing components,
such as tanks and instrumentation and control hardware, and installing new, larger capacity ion-
exchange systems to remove Cr(VI). The ion exchange systems would use ResinTech SIR-700 resin
to remove Cr(VI). The treated groundwater would be returned to 100-BC at a 1,500 L/min (400 gpm)
flow rate via an aboveground pipeline and then reinjected into the aquifer using four injection wells to
enhance flow-path control, aquifer flushing, and hydraulic containment. Following 15 years of P&T
operations, MNA and ICs are used to address the remaining portion of the Sr-90 plume.

This alternative uses in situ treatment of the Cr(VI) PRZ source to accelerate achievement of the
surface water protection PRGs for Cr(VI) within a shorter timeframe compared to Alternatives 3

and 4. Substrate injection, assumed to be calcium polysulfide, will be performed using temporary
injection wells to promote in situ reduction of Cr(VI) to Cr(IIl) upgradient of the extraction wells.
Assuming in situ treatment occurs during the first year of P&T, the simulated duration required for
P&T operations to achieve and maintain Cr(VI) concentrations below the 10 pg/L surface water
protection PRG at the shoreline is 15 years. MNA will also contribute to achieving cleanup levels for
Sr-90 following cessation of P&T operations.

Alternative 6: Natural Attenuation with ICs and Aggressive RTD for Waste Sites; and Cr(VI)
Source Treatment with P&T, and MNA with ICs for Groundwater. Alternative 6 includes the
same waste site components as ¢+ ernative 4. Groundwater remedial action components and in situ
source treatment for Cr(VI) are the same as Alternative 5. The primary components of this alternative
include the following:

— Natural attenuation, combined with ICs, to minimize the potential for shallow soil direct contact
exposure at waste sites 118-B-1 and 116-B-5.

— RTD to address shallow soil direct contact exposure at waste sites 100-B-34 (all pipeline
segments), 118-B-8:4, and 116-B-6A/116-B-16. RTD at 100-B-34 (western segment) also
addresses the groundwater/surface water protection SSL and PRG exceedance.

— Deep RTD to the total depth of contamination at waste sites 118-B-1 and 116-C-1.
Deep excavation at 118-B-1  dresses the groundwater protection SSL and PRG exceedance for
tritium. At 116-C-1, deep excavation addresses the groundwater protection SSL exceedance for
Sr-90 while also addressing a potential Sr-90 PRZ source to groundwater.

— An IC prohibiting excavation to minimize the potential for deep soil radionuclide direct contact
exposure at waste sites 100-B-34 (eastern segments), 118-B-8:4, and 116-B-6A/116-B-16.

— Natural attenuation, combined with deep excavation ICs, to minimize the potential for deep soil
direct contact exposure at the 23 deep waste sites listed in Table 2.

—  MNA with ICs for tritium in groundwater in the area downgradient from waste site 118-B-1 until
10 years after the 118-B-1 deep RTD is completed.

—  P&T for Cr(VI]) for 15 years with co-extraction of Sr-90 to control plume migration to the river
and to remediate the Cr(VI) plume through extraction, treatment, and reinjection. The extraction
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well layout is similar to Alternatives 3 and 4, except there are five shallow wells and two deep
wells pumping at slightly lower rates.

— In situ treatment of a portion of the Cr(VI) PRZ source [Cr(VI) Area 2 in Table 1] during first
year of P&T

— MNA with ICs for the balance of the Sr-90 groundwater plume remaining after 15 years of P&T,
and natural attenuation for the Sr-90 PRZ source until groundwater PRGs are met.

— Installation of 10 new monitoring wells: 6 shallow wells in year 1 and four deep wells in year 6.

— Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy is
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and ICs can be removed.

Under Alternative 5, P&T for Cr(VI1) with co-extraction of Sr-90 is used to clean up the Cr(VI)
remedial action target area. Extracted groundwater is pumped from five shallow and two deep
extraction wells to a 100-BC transfer station and then pumped through an aboveground pipeline to the
existing 100-KW building. It is assumed the 100-KW treatment system will complete its mission by
2019. The existing KW treatment system would be re-purposed by refurbishing existing components,
such as tanks and instrumentation and control hardware, and installing new, larger capacity ion-
exchange systems to remove Cr(VI). The ion exchange systems would use ResinTech SIR-700 resin
to remove Cr(VI). The treated groundwater would be returned to 100-BC at a 1,500 L/min (400 gpm)
flow rate via an aboveground pipeline and then reinjected into the aquifer using four injection wells to
enhance flow-path control, aquifer flushing, and hydraulic containment. Following 15 years of P&T
operations, MNA and ICs are used to address the remaining portion of the Sr-90 plume.

This alternative uses in situ treatment of the Cr(V1) PRZ source to accelerate achievement of the
surface water protection PRGs for Cr(VI) within a shorter timeframe compared to Alternatives 3

and 4. Substrate injection, assumed to be calcium polysulfide, will be performed using temporary
injection wells to promote in situ reduction of Cr(VI) to Cr(III) upgradient of the extraction wells.
Assuming in situ treatment occurs during the first year of P&T, the simulated duration required for
P&T operations to achieve and maintain Cr(V1) concentrations below the 10 ug/L surface water
protection PRG at the shoreline is 15 years. MNA will also contribute to achieving cleanup levels for
Sr-90 following cessation of P&T operations.

Alternative 7: Natural Attenuation with ICs and Aggressive RTD for Waste Sites; and Cr(VI)
and Strontium-90 Source Treatment with P&T, and MNA with ICs for Groundwater.
Alternative 7 includes the same waste site and groundwater components as Alternative 6 with the
addition of in situ treatment for Sr-90 at waste site 116-C-1 and the Sr-90 PRZ source areas. The
primary components of this alternative include the following:

— Natural attenuation, combined with ICs, to minimize the potential for shallow soil direct contact
exposure at waste sites 118-B-1 and 116-B-5.

— RTD to address shallow soil direct contact exposure at waste sites 100-B-34 (all pipeline
segments), 118-B-8:4, and 116-B-6A/116-B-16. RTD at 100-B-34 (western segment) also
addresses the groundwater/surface water protection SSL and PRG exceedance.

— Deep RTD to the total depth of contamination at 118-B-1 to address the groundwater protection
SSL and PRG exceedance for tritium.

10
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— An IC prohibiting excavation to minimize the potential for deep soil radionuclide direct contact
exposure at waste sites 118-B-8:4, 116-B-5, and 116-B-6A/116-B-16.

— Natural attenuation, combined with deep excavation ICs, to minimize the potential for deep soil
direct contact exposure at the 23 deep waste sites listed in Table 2.

—  MNA with ICs for tritium in groundwater in the area downgradient from waste site 118-B-1 until
10 years after the 118-B-1 deep RTD is completed.

—  P&T for Cr(VI) for 15 years with co-extraction of Sr-90 to control plume migration and to
remediate the Cr(VI) plume through extraction, treatment, and reinjection. The extraction well
layout is similar to Alternatives 3 and 4, except there are five shallow wells and two deep wells
pumping at slightly lower rates.

— In situ treatment of the Cr(VI) PRZ source [Cr(VI) Area 2 in Table 1] during first year of P&T
operations.

— In situ treatment of two Sr-90 PRZ source areas: Area 1 (waste site 116-C-1), which exceeds
groundwater protection SSLs and is a potential PRZ source of Sr-90 to groundwater; and Area 2,
which overlies the Sr-90 plume.

— MNA and ICs for the balance of the Sr-90 plume remaining after 15 years of P&T.
— Installation of 10 new monitoring wells: 6 shallow wells in year [ and four deep wells in year 6.

— Groundwater sampling and analysis, data evaluation, and reporting to confirm that the remedy 1s
protective and that natural attenuation processes are reducing COC concentrations in accordance
with expectations. The groundwater monitoring program also provides a basis for determining
when remedial action is complete and ICs can be removed.

Under Alternative 5, P&T for Cr(VI) with co-extraction of Sr-90 is used to clean up the Cr(VI)
remedial action target area. Extracted groundwater is pumped from five shallow and two deep
extraction wells to a 100-BC transfer station and then pumped through an aboveground pipeline to the
existing 100-KW building. It is assumed the 100-KW treatment system will complete its mission by
2019. The existing KW treatment system would be re-purposed by refurbishing existing components,
such as tanks and instrumentation and control hardware, and installing new, larger capacity ion-
exchange systems to remo  Cr(VI). The ion exchange sys s would use ResinTech SIR-700 resin
to remove Cr(VI). The treated groundwater would be returned to 100-BC at a 1,500 L/min (400 gpm)
flow rate via an aboveground pipeline and then reinjected into the aquifer using four injection wells to
enhance flow-path control, aquifer flushing, and hydraulic containment. Following 15 years of P&T
operations, MNA and ICs are used to address the remaining portion of the Sr-90 plume.

This alternative uses in situ treatment of the Cr(VI) PRZ source to accelerate achievement of the
surface water protection PRGs for Cr(VI) within a shorter timeframe compared to Alternatives 3

and 4. Substrate injection, assumed to be calcium polysulfide, will be performed using temporary
injection wells to promote 1in situ reduction of Cr(VI) to Cr(1lI) upgradient of the extraction wells.
Assuming in situ treatment occurs during the first year of P& T, the simulated duration required for
P&T operations to achieve and maintain Cr(VI) concentrations below the 10 pg/L surface water
protection PRG at the shoreline is 15 years. MNA will also contribute to achieving cleanup levels for
Sr-90 following cessation of P&T operations.

11




ECF-100BC1-16-0085, REV. 0

Alternative 7 includes apatite jet injection technology to sequester Sr-90 present in the vadose zone
and PRZ. Treatment will target Treatment Area 1, a 1,025 m* (11,025 ft?) area at the west end of the
116-C-1 Trench, and Treatment Area 2, a 24,400 m? (259,410 ft*) area overlying the Sr-90 plume
near the plume axis. The depth to groundwater (thus the PRZ) ranges seasonally from approximately
9m (29.5 ft) to 12.5 m (41 ft) bgs. For 100-BC, a system capable of injecting solutions at pressures
up to 400 bars (5,800 psi) will be used. This high-pressure system will mix the soil with the injection
solution to an estimated maximum radial distance of 2 m (6 ft) from the injection nozzle. Roughly
306 injections will be needed for Treatment Area 1; 7,205 injections will be needed for Treatment
Area 2.

2.3 Remedial Action Timeframes

The remedial action alternatives described previously achieve PRGs at the individual waste sites and
groundwater COC plumes over a range of timeframes. With respect to the Cr(VI) and Sr-90 groundwater
plumes, the lower end of the remediation timeframe range was defined through numerical modeling based on
the time required for the 90" percentile (C90) concentration, within the model domain, to decline to the PRG.
The upper end of the remediation timeframe is defined by the time required for the Cmax concentration, within
the model domain, to decline to the PRG. Table 4 provides a summary of the estimated timeframes, based
on the C90 and Cmax concentrations, for Cr(VI) and Sr-90 concentrations to decline to their respective
PRGs within the aquifer and along the shoreline for each remedial action alternative.

As shown in Table 4, the duration of P&T under Alternatives 3 and 4 is 40 years. The 40-year P&T
period is required even though the estimated timeframe to achieve the Cr(VI) PRG of 48 pg/L in the
aquifer and the 10 pg/L. PRG along the shoreline is 5 years and 15 years based on Cmax and C90,
respectively. The additional 25 years of pumping after the C90 concentration for Cr(VI) is achieved along
the shoreline is required to maintain compliance with the 10 pg/L. PRG. Due to the residual Cr(VI)
sources present in the PRZ, Cr(V]) concentrations are predicted by the model to rebound above the

10 pg/L PRG along the shoreline without pumping. Therefore, for the purposes of defining remedial
action durations for cost estimating purposes, a 40-year timeframe was used for the P& T component of
Alternatives 3 and 4. For Alternatives 5, 6, and 7, a 15-year duration is required due to in situ Cr(VI) PRZ
source treatment, The 15 year duration reflects the time required for the C90 and Cmax Cr(VI)
concentrations along the shoreline to decline below the 10 pg/l. PRG.

(90 and Cmax remediation timeframes for tritium were not calculated for the groundwater remedial action
alternatives. Tritium was not simulated in the model because concentrations have remained below PRGs since
2013 (e.g. last exceedance occurred in 2012). However, based on an assessment of the leaching threat that
soil contamination poses to groundwater and surface water, the 118-B-1 waste site is projected to
potentially cause a future exceedance of the tritium groundwater PRG. A SSL for tritium was calculated
based on a hypothetical irrigation land use as a bounding condition, while PRGs were calculated based on
a conservation land use that includes native vegetation. Based on these calculations, tritium concentration
peaks in groundwater between 2028 and 2029 with the tritium PRG met between 2041 and 2049.
Therefore, for the purposes of estimating groundwater monitoring timeframes, a 34 year duration was assumed
for tritium under Alternatives 2, 3, and 5. Under Alternatives 4, 6, and 7, which assume deep RTD to
remove tritium, a 20 year groundwater monitoring duration was assumed. The 20 year duration assumes
deep RTD is completed in 10 years and groundwater monitoring is performed for an additional 10 years
after completing deep RTD.
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3 Methodology

Development of the cost inputs for the 100-BC OU alternatives requires simple calculations performed in
Microsoft Excel (MS Excel)™ spreadsheets. Due to the basic nature of these calculations, development of
a detailed methodology for each calculation was not conducted. Chapter 4 provides the key inputs and
assumptions that support each calculation and Chapter 6 summarizes the spreadsheet calculations.

4 Assumptions and Input

This section describes the overall assumptions applicable to the 100-BC alternatives. The information
used in this section and accompanying tables were obtained from Chapters 8, 9, and 10 of
DOE/RL-2010-96 and ECF-100BC5-16-0059, Rev. 1.

411 Waste Site Information

Assumptions and input for the waste sites include the following:

e Table 5. Summarizes where specific waste site information can be found in Appendix A and
Appendix B, and the approach used in calculating quantity inputs to the cost estimate.

e Table A-1. Describes each waste site carried forward into the FS and the remedial action technologies
that are employed to address the waste site under Alternatives 2 to 7. This includes the time required
for IC maintenance until radioactive decay reduces radionuclide COC concentrations to PRGs for the
7 waste sites carried into the FS with shallow direct contact risk and/or potential to impact
groundwater (in addition to the deep radionuclide contamination). Table A-1 excludes the 23 waste
sites with deep zone radionuclide direct contact risk only.

e Table B-1. For the 7 waste sites carried forward into the FS, this table provides information on the
aerial extent and depth of contamination that is used to estimate the volume of contaminated material
to be excavated under alternatives that employ RTD. These aerial extents and depths of
contamination are the same as those to be managed for alternatives that employ natural attenuation
with ICs.

e Table B-2. Provides information on the 29 waste sites (6 F'S waste sites from Table A-1 and 23 deep
radionuclide only waste sites from Table 2) where a deep excavation IC will be applied to waste sites
with radionuclide contamination at depths greater than 4.6 m (15 ft). This includes the time required
(IC duration) before radionuclide concentrations  :line >w their PRG.

41.2 Strontium-90 and Cr(VI) PRZ Source Information
Assumptions and input for the Sr-90 and Cr(VI) PRZ sources include the following:

e Table 6. Summarizes general information about each of the PRZ source areas.

e Table A-1. Describes each source area and the remedial action technologies applied to it under
Alternatives 2 through 7.

e Table B-3. Provides information on the aerial extent and depth of contamination and volumes of
reagent that are assumed for treatment under Alternatives 5 and 6 (Cr(VI) PRZ source) and
Alternative 7 (Cr(VI) and Sr-90 PRZ source). Alternative 7 also includes Sr-90 in situ treatment at the
116-C-1 waste site in lieu of RTD employed under Alternative 6.

™ Microsoft Excel (MS Excel) is a trademark of Microsoft Corporation.
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41.3 Groundwater Plume Information

The key technologies employed for the Cr(VI) and Sr-90 groundwater plumes include ICs with MNA,
and P&T. The key technologies employed for tritium include 1Cs with MNA. The assumptions and inputs
associated with these technologies for each alternative are presented in Table B-4. The key assumptions
associated with these technologies are summarized in the following subsections.

4.1.3.1 ICs, MNA, and Groundwater Monitoring

ICs and MNA are employed for tritium in Alternatives 2 through 7. ICs and MNA are employed in
Alternative 2 for Cr(V1) and Sr-90, and in Alternatives 3 to 6 to address the remnants of the Sr-90 plume
following cessation of P& T operations. Remedy performance monitoring of the P&T system is also
included in Table B-4 under the MNA category. The key assumptions for ICs include the following:

e 1Cs to prevent groundwater use for drinking, irrigation, or any other non-remediation purpose will be
maintained for 75 years under Alternatives 2 through 7. This timeframe includes a 70-year allowance
for Sr-90 concentrations to reach its PRG through radioactive decay and 5 years for compliance
monitoring after the PRG is achieved.

Groundwater monitoring to assess performance of MNA and P&T alternatives assumes the following:

e Sampling of 32 existing wells and 6 new wells installed at the start of remedial action, with four
additional new wells installed in year 5 of the remedial action.

e Existing wells are sampled annually for years 1 to 10. New wells are sampled quarterly during year 1
and annually for years 2 through 10.

o After year 10, only 20 wells are sampled.

e Wells are sampled biennially from years 10 to 60 for Cr(VI) and biennially from years 10 to 70
for Sr-90.

e During the 5-year compliance monitoring period, all wells are sampled annually. Compliance
monitoring for tritium occurs in years 1 to 5, for Cr(V1) in years 60 to 65, and for strontium in years
70 to 75.

Groundwater monitoring to assess performance of MNA for tritium assumes the following:

e The existing well downgradient from waste site 118-B-1 is sampled annually for years 1 to 34 under
Alternatives 2, 3, and 5.

o The existing well downgradient from waste site 118-B-1 is sampled annually for years 1 to 20 under
Alternatives 2, 6, and 7.

e During the 5-year compliance monitoring period (years 35 to 40 or years 21 to 25), all existing and
new wells are sampled for tritium annually.



ECF-100BC1-16-0085, REV. 0

4.1.3.2 Pump and Treat

The key assumptions and inputs for P&T technology employed under Alternatives 3 through 7 include
the following:

e Alternatives 3 and 4 (see Figure 1):

—  Four shallow (100 ft deep each) extraction wells pumping at a rate of 75 gpm each and two deep
(200 ft deep each) extraction wells pumping at a rate of 50 gpm each for a total system rate of
400 gpm.

— Extracted groundwater is pumped from the individual wells to a 100-BC influent transfer station,
which pumps the water to a re-purposed 100-KW treatment system that has been updated for
100-BC groundwater Cr(VI) removal. Strontium-90 treatment is not required because the
individual recovery well and combined flow Sr-90 concentration is less than the 8 pCi/L PRG per
the groundwater modeling simulations presented in ECF-100BC5-16-0059, Rev. 1.

— Following treatment, the water is pumped from 100-K to the 100-BC effluent transfer station for
distribution to the four injection wells (200 ft deep each), which each receive a 100 gpm
flow rate.

— 40 years of operation.
— Refurbishing the transfer stations and 100-KW treatment system after 25 years.
e  Alternatives 5 through 7 (see Figure 2):

— Five shallow (100 ft deep each) extraction wells pumping at a rate of 70 gpm each and two deep
(200 ft deep each) extraction wells pumping at a rate of 25 gpm each for a total system rate of
400 gpm.

— Extracted groundwater is pumped from the individual wells to a 100-BC influent transfer station,
which pumps the water to a re-purposed 100-KW treatment system that has been updated for 100-
BC groundwater Cr(VI) removal. Strontium-90 treatment is not required because the individual
recovery well and combined flow Sr-90 concentration is less than the 8 pCi/L PRG per the
groundwater modeling simulations presented in ECF-100BC5-16-0059, Rev. 1.

— Following treatment, the water is pumped from 100-K to the 100-BC effluent transfer station for
distribution to four injection wells {200 ft deep each), which each receive a 100 gpm flow rate.

— 15 years of operation.

5 Software Applications

Microsoft Office Excel 2013 was used to perform the calculations. Excel is a "Site Licensed Client
Software™ and is exempt from formal control requirements of PRC-PRO-IRM-309, Controlled
Software Management.

6 Calculation

This section provides sample calculations for various cost estimate quantity inputs associated with each
alternative. The quantity input calculations are divided into three categories: waste sites, Sr-90 and Cr(VI)
PRZ source, and groundwater plumes.



ECF-100BC1-16-0085, REV. 0

6.1 Waste Sites
The primary calculations for the waste sites include quantities for the following:

s Natural attenuation with 1Cs
e RTD

6.1.1 Natural Attenuation with ICs

The quantities for natural attenuation with ICs are figured on a per waste site basis, and includes a
quantity input on the number of years the IC restricting excavation in shallow or deep soil or prohibiting
irrigation needs to be maintained. There are six FS waste sites with 116-B-6A and 116-B-16 considered a
single site. Table A-1 (columns 3, 4, 5, and 6) shows the years until which ICs need to be maintained.
Waste site 100-B-34 includes a radioactive process sewer with two pipeline segments at an eastern
location and a dichromate pipeline segment at a different western location. The dichromate pipeline is
addressed using RTD under all alternatives and does not require an IC. Therefore, the quantity input for
this item is six. In addition, there are 23 waste sites carried forward into the FS with direct contact risk for
deep radionuclide contamination only. Table B-2 (column 4) shows the years until which ICs restricting
deep excavation need to be maintained.

Any IC durations greater than 150 years were only calculated to 150 years. For ICs durations less than
150 years, the actual time for those ICs was used.

6.1.2 RTD

The quantities for RTD related activities (e.g., excavation, sampling and analysis, Environmental
Restoration Disposal Facility (ERDF) disposal, and backfill) are all based on the volume of contaminated
soil and noncontaminated soil expressed in units of cubic yards (cy). The contaminated soil quantities are
based on the waste site specific area of contamination and depths shown in Table B-2 with the
noncontaminated soil quantities determined separately by the Cost Estimator. The contaminated soil
quantity for each waste site is calculated from the following:

(Area of Contamination (ft2) * Contamination Interval (ft))
27 ft3 /cy

Contaminated Soil Volume (cy) =

The Contamination Interval is the depth range of contamination and is calculated from the maximum
contamination depth minus the top of contamination.

The contaminated soil volumes for the waste sites where RTD is being performed under Alternatives 2

»ugh 7 are shown in Table B-1. A rough order of magnitude cost to excavate and remove the
contaminants at the waste sites with direct contact risk for deep radionuclide contamination was
calculated. This includes FS waste sites 100-B-34 (eastern), 116-C-1, 116-B-1, 118-B-8:4, 116-B-
6A/116-B-16, and the 23 sites in Table B-2.

6.2 Strontium-90 and Cr(VI) PRZ Source

The quantities for Sr-90 and Cr(VI) PRZ source treatment are based on the number of treatment areas.
This includes two areas for Sr-90 and one area for Cr(V1), as described in Table B-3. The number of areas
is based on the Sr-90 and Cr(V1) CSMs; therefore, no quantity calculation was performed.
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6.3 Groundwater Plumes

The primary calculations for the Sr-90 and Cr(VI) groundwater plumes include quantities associated with
construction of new remedy components and modification of existing remedy components (capital items),
and quantities associated with annual O&M of various remedy components. The quantities for these items
are based on output from the groundwater model simulations described in ECF-100BC-16-0059 Rev. 0,
Modeling of RI/F'S Design Alternatives for 100-BC-5, e assumptions presented in Chapter 4, and
professional judgment, as follows.

Capital cost items include quantity calculations:

New monitor well installations. The quantity input for this item is based on the total number of wells
multiplied by the drilling and well construction footage per well. For Alternatives 2 through 7, six
new monitor wells are installed in year 1 and four new wells in year 5. For the six new wells installed
in year 1, at an assumed depth of 100 foot per well, the total quantity for this item is 600 ft. For the

four new wells installed in year 5, at an assumed depth of 200 ft per well, the total quantity is 1,000 ft.

New extraction well installations including pumps, associated piping, and equipment. The quantity
input for this item is based on the total number of wells multiplied by the drilling and well
construction footage per well. For Alternatives 3 and 4, this includes four shallow wells at 100 ft deep
each and two deep wells at 200 ft deep each for a total footage of 800 ft. For Alternatives 5, 6, and 7,
there are five shallow wells at 100 ft per well and two deep wells at 200 ft per well for a total footage
of 900 ft. The pumps and associated equipment quantities are based on the total number of wells,
which 1s six for Alternatives 3 and 4, and seven for Alternatives 5, 6, and 7. This item also includes a
5,000 ft allowance for 3-inch diameter high density polyethylene (HDPE) piping to transfer the water
from the six wellheads under Alternatives 3 and 4, and the seven wellheads under Altermatives 5 to 7,
to the 100-BC influent transfer station.

New injection well installations including associated piping and equipment. The quantity input for
this item is based on the drilling and well construction footage of 200 ft per well for four wells or
800 ft total for Alternatives 3 through 7. The associated equipment quantities are based on the total
number of wells (4) for Alternatives 3 through 7.

100-BC influent transfer station. The quantity input for the 100-BC influent transfer station includes a
10,000 ft allowance for 8-in. diameter HDPE to transfer the combined flow from all the extraction
wells to the 100 KW treatment system equalization tank, one transfer pump, one 10,000-gal
polyethylene tank with level monitoring, and a shelter enclosure.

100-BC effluent transfer station. The quantity inputs for this item are the same as described for the
influent station. This station receives 400 gpm of treated water from the 100-K treatment system(s)
and distributes it to the four 100-BC injection wells.

Modification of the existing KW treatment systems to treat groundwater from 100-BC under
Alternatives 2 through 7. The existing KW treatment system would be modified by refurbishing
existing components, such as tanks and instrumentation and control hardware, and installing new,
larger capacity ion-exchange systems to remove Cr(VI). The quantity inputs for this item are
determined by the Cost Estimator.

Annual O&M includes quantities for the following items:

Maintenance of ICs. The quantity for this item is one based on one groundwater operable unit
(100-BC-5 Groundwater OU).
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P&T operations. The quantity for this item is based on the number of years that the groundwater
extraction, injection, and 100-K treatment system will need to operate, which is 40 years for
Alternatives 3 and 4, and 15 years for Alternatives 5, 6, and 7. The P&T durations are defined in
ECF-100BC-16-0059 Rev. 0, Modeling of RI/FS Design Alternatives for 100-BC-5.

Groundwater Sampling —~ Number of Wells Sampled. The quantity for this item varies over time
as follows:

Years 1 to 5: This includes the number of existing wells sampled (32) + the number of new wells
sampled (6) = 38

Years 6 to 10: This includes the number of existing wells sampled (38) + the number of new
wells sampled (4) = 42

Years 11 to 60 or 11 to 70: Assumes that 15 existing wells + 5 of the new wells are sampled = 20

Groundwater Samples per Event Remedial Action Performance Monitoring. This quantity varies over
time and by COC, as follows:

Year 1: This includes annual sampling of the existing wells (32 samples) + quarterly sampling of
the six new wells (24 samples) = 56 samples for Cr(VI) and Sr-90

Years 2 to 5: This includes annual sampling of the existing wells (32 samples) + annual sampling
of the six new wells (6 samples) multiplied by the number of years (4 years) = 152 samples for
Cr(VI) and Sr-90

Years 6 to 10: This includes annual sampling of the existing wells (32 samples) + annual
sampling of the 10 new wells (10 samples) multiplied by the number of years (5 years) = 210
samples for Cr(V1) and Sr-90

Years 11 to End of Remedial Action (Out Years): This includes sampling of 20 wells every
2 years for the balance of the remedial action duration, which varies by Alternative and COC,
as follows:

o Alternative 2:

8 (Cr(V]) - Years 11 to 60: 20 samples per event * 50 years + 2 years per event = 500
mples

= Stontium-90 - Years 11 to 70: 20 samples per event * 60 years + 2 years per event = 600
samples

o Alternatives 3 and 4:

= Cr(VI) - Years 11 to 40: 20 samples per event * 30 years + 2 years per event = 300
samples

s Stontium-90 - Years 11 to 70: 20 samples per event * 60 years + 2 years per event = 600
samples

o Alternatives 5, 6, and 7:
= Cr(VI) - Years 11 to 15: 20 samples per event * 5 years + 2 years per event = 50 samples

s Stontium-90 - Years 11 to 70: 20 samples per event * 60 years + 2 years per event = 600
samples
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Years 1 through 20: Annual sampling of well 199-B8-6 for tritium
o Altemnative 4, 6, and 7:

= Tritium- Years 1 to 20: 1 sample per event * 20 years + 1 years per event = 20
samples

Years 1 through 20: Annual sampling of well 199-B8-6 for tritium
o Alternative 2, 3, and 5:

= Tritium- Years 21 to 34: 1 sample per event * 14 years + 1 years per event = 14
samples

e Groundwater Samples per Event Compliance Monitoring. This quantity assumes a 5-year compliance
monitoring period with samples collected annually. The estimated quantities vary by COC and were
calculated as follows:

Tritium for Alternatives 2, 3, and 5- Years 35 to 40: This includes annual sampling of the existing
wells (32 samples) + annual sampling of six new wells (6 samples) * 5 years = 190 samples

Tritium for Alternatives 4, 6, and 7- Years 21 to 25: This includes annual sampling of the existing
wells (32 samples) + annual sampling of six new wells (6 samples) * 5 years = 190 samples

Cr(VI) for Alternative 2 — Years 61 to 65: This includes annual sampling of the existing wells
(32 samples) + annual sampling of the 10 new wells (10 samples) * 5 years = 210 samples

Cr(VI) for Alternatives 3 and 4 — Years 40 to 45: This includes annual sampling of the existing
wells (32 samples) + annual sampling of the 10 new wells (106 samples) * 5 years = 210 samples

Cr(V1) for Alternatives 5, 6, and 7 - Years 16 to 20: This includes annual sampling of the existing
wells (32 samples) + annual sampling of the 10 new wells (10 samples) multiplied by the number
of years (5 years) = 210 samples

Strontium-90 for Alternatives 2 through 7 ~ Years 71 to 75: This includes annual sampling of the
existing wells (32 samples) + annual sampling of the ten new wells (10 samples) multiplied by
the number of years (5 years) = 210 samples

7 Results/Conclusions

The cost inputs, assumptions, and calculations ented in the previous sections were used to develop
cost estimate quantity inputs for each alternative, and document cost estimate assumptions in standard
imating forms to be used by the estimator.
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Appendix B

Waste Site, Strontium-90 and Cr(VI) PRZ Source, and Groundwater
Plume Information
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